1.
A hydrocarbon is a compound composed of only carbon and hydrogen. A saturated hydrocarbon has only carbon-carbon single bonds in the molecule. An unsaturated hydrocarbon has one or more carbon-carbon multiple bonds, but may also contain carbon-carbon single bonds.
An alkane is a saturated hydrocarbon composed of only C−C and C−H single bonds. Each carbon in an alkane is bonded to four other atoms (either C or H atoms) . If the compound contains a ring in the structure and is composed of only C−C and C−H single bonds, then it is called a cyclic alkane.
Alkanes: general formula = C n H 2n + 2 ; all carbons are sp 3 hybridized; bond angles = 109.5Ε
Cyclic alkanes: general formula C n H 2n (if only one ring is present in the compound); all carbons are sp 3 hybridized; prefers 109.5Ε bond angles, but rings with three carbons or four carbons or five carbons are forced into bond angles less than 109.5Ε.
In cyclopropane, a ring compound made up of three carbon atoms, the bond angles are forced into 60Ε in order to form the three-carbon ring. With four bonds to each carbon, the carbons prefer 109.5Ε bond angles. This just can't happen for cyclopropane. Because cyclopropane is forced to form bond angles smaller than it prefers, it is very reactive.
The same is true for cyclobutane. Cyclobutane is composed of a four-carbon ring. In order to form a ring compound with four carbons, the carbons in the ring are forced to form 90Ε bond angles; this is much smaller than the preferred 109.5Ε bond angles.
Cyclopentane (five-carbon rings) also has bond angles slightly smaller than 109.5Ε, but they are very close (108Ε), so cyclopentane is much more stable than cyclopropane or cyclobutane. For rings having six or more carbons, the observed bonds are all 109.5Ε.
Straight chain hydrocarbons just indicates that there is one chain of consecutively bonded Catoms in the molecule. They are not in a straight line which infers 180Ε bond angles. The bond angles are the predicted 109.5Ε.
To determine the number of hydrogens bonded to the carbons in cyclic alkanes (or any alkane where they may have been omitted), just remember that each carbon has four bonds. In cycloalkanes, only the C−C bonds are shown. It is assumed you know that the remaining bonds on each carbon are C−H bonds. The number of C−H bonds is that number required to give the carbon four total bonds.
2.
Alkenes are unsaturated hydrocarbons that contain a carbon-carbon double bond. Carboncarbon single bonds may also be present. Alkynes are unsaturated hydrocarbons that contain a carbon-carbon triple bond.
Alkenes: C n H 2n is the general formula. The carbon atoms in the C=C bond exhibit 120Ε bond angles. The double-bonded carbon atoms are sp 2 hybridized. The three sp 2 hybrid orbitals form three sigma bonds to the attached atoms. The unhybridized p atomic orbital on each sp 2 hybridized carbon overlap side to side to form the π bond in the double bond. Because the p orbitals must overlap parallel to each other, there is no rotation in the double bond (this is true whenever π bonds are present). See Figure 22 .7 for the bonding in the simplest alkene, C 2 H 4 .
Alkynes: C n H 2n!2 is the general formula. The carbon atoms in the C/C bond exhibit 180Ε bond angles. The triple bonded carbons are sp hybridized. The two sp hybrid orbitals go to form the two sigma bonds to the attached atoms. The two unhybridized p atomic orbitals overlap with two unhybridized p atomic orbitals on the other carbon in the triple bond, forming two π bonds. If the z-axis is the internuclear axis, then one π bond would form by parallel overlap of p y orbitals on each carbon and the other π bond would form by parallel overlap of p x orbitals. As is the case with alkenes, alkynes have restricted rotation due to the π bonds. See Figure 22 .10 for the bonding in the simplest alkyne, C 2 H 2 .
Any time a multiple bond or a ring structure is added to a hydrocarbon, two hydrogens are lost from the general formula. The general formula for a hydrocarbon having one double bond and one ring structure would lose four hydrogens from the alkane general formula. The general formula would be C n H 2n -2 .
3.
Aromatic hydrocarbons are a special class of unsaturated hydrocarbons based on the benzene ring. Benzene has the formula C 6 H 6 . It is a planar molecule (all atoms are in the same plane). The bonding in benzene is discussed in detail in section 9.5 of the text. Figures 9.46, 9.47, and 9.48 detail the bonding in benzene.
C 6 H 6 , has 6(4) + 6(1) = 30 valence electrons. The two resonance Lewis structures for benzene are:
These are abbreviated as:
Each carbon in benzene is attached to three other atoms; it exhibits trigonal planar geometry with 120° bond angles. Each carbon is sp 2 hybridized. The sp 2 hybrid orbitals go to form the three sigma bonds to each carbon. The unhybridized p atomic orbital on each carbon overlap side to side with unhybridized p orbitals on adjacent carbons to form the π bonds. All six of the carbons in the six-membered ring have one unhybridized p atomic orbital. All six of the unhybridized p orbitals ovlerlap side to side to give a ring of electron density above and below the six-membered ring of benzene.
The six π electrons in the π bonds in benzene can roam about above and below the entire ring surface; these π electrons are delocalized. This is important because all six carbon-carbon bonds in benzene are equivalent in length and strength. The Lewis structures say something different (three of the bonds are single and three of the bonds are double). This is not correct. To explain the equivalent bonds, the π bonds can't be situated between two carbon atoms as is the case in alkenes and alkynes; that is, the π bonds can't be localized. Instead, the six π electrons can roam about over a much larger area; they are delocalized over the entire surface of the molecule. All this is implied in the following shorthand notation for benzene.
4.
A short summary of the nomenclature rules for alkanes, alkenes, and alkynes follow. See the text for details.
a. Memorize the base names of C 1 -C 10 carbon chains (see Table 22 .1). When the C 1 -C 10 carbon chains are named as a substituent, change the -ane suffix to-yl.
b. Memorize the additional substituent groups in Table 22 .2.
c. Names are based on the longest continuous carbon chain in the molecule. Alkanes use the suffix -ane, alkenes end in -ene, and alkynes end in -yne.
d. To indicate the position of a branch or substituent, number the longest chain of carbons consecutively in order to give the lowest numbers to the substituents or branches. Identify the number of the carbon that the substituent is bonded to by writing the number in front of the name of the substituent.
e. Name substituents in alphabetical order.
f. Use a prefix (di-, tri-, tetra-, etc.) to indicate the number of a substituent if more than one is present. Note that if, for example, three methyl substituent groups are bonded to carbons on the longest chain, use the tri-prefix but also include three numbers indicating the positions of the methyl groups on the longest chain. Also note that prefixes like di-, tri-, tetra-, etc. are ignored when naming substituent groups in alphabetical order.
g. A cyclic hydrocarbon is designated by the prefix cyclo-.
h. For alkenes and alkynes, the position of the double or triple bond is indicated with a number placed directly in front of the base name of the longest chain. If more than one multiple bonds is present, the number of multiple bonds is indicted in the base name using the prefix di-, tri-, tetra-, etc., but also a number for the position of each multiple bond is indicated in front of the base name. When numbering the longest chain, if double or triple bonds are present, give the multiple bonds the lowest number possible (not the substitutent groups). This is a start. As you will find out, there are many interesting situations that can come up which aren't covered by these rules. We will discuss them as they come up.
For aromatic nomenclature rules, reference section 22.3.
The errors in the names are discussed below. f. The term ortho-in benzene nomenclature indicates substituents in the benzene ring bonded to C-1 and C-2. The term meta-describes C-1 and C-3 substituent groups while para-is used for C-1 and C-substituent groups.
5. See Table 22 .4 for the types of bonds and atoms in the functional groups listed in a-h of this question. Examples are also listed in Table 22 .4. a. Halohydrocarbons: name the halogens as substituents, adding o to the end of the name of the halogen. Assuming no multiple bonds, all carbons and the halogens are sp 3 hybridized because the bond angles are all 109.5Ε.
b. Alcohols: -ol suffix; the oxygen is sp 3 hybridized because the preldicted bond angle about O is 109.5Ε. c. Ethers: name the two R-groups bonded to O as substituent groups (in alphabetical order), and then end the name in ether. These are the common nomenclature rules for ethers. The oxygen in an ether is sp 3 hybridized due to the predicted 109.5Εbond angle.
d. Aldehydes: -al suffix; the carbon doubly bonded to oxygen is sp 2 hybridized because this carbon exhibits 120Ε bond angles. The oxygen in the double bond is also sp 2 hybridized because it has three effective pairs of electrons around it (two lone pairs and the bonded carbon atom).
e. Ketones: -one suffix; the carbon doubly bonded to oxygen is sp 2 hybridized because the bond angles about this carbon are 120Ε. The O in the double bond is sp 2 hybridized.
f. Carboxylic acids: -oic acid is added to the end of the base name; the carbon doubly bonded to oxygen is sp 2 hybridized (120Ε bond angles) and the oxygen with two single bonds is sp 3 hybridized (predicted 109.5Ε bond angles). The oxygen in the double bond is sp 2 hybridized.
g. Esters: the alcohol part of ester is named as a substituent using the -yl suffix; the carboxylic acid part of the ester gives the base name using the suffix -oate. In the common nomenclature rules, the carboxylic acid part is named using common names for the carboxyclic acid ending in the suffix -ate. The bonding and bond angles are the same as discussed previously with carboxylic acids.
h. Amines: similar to ethers, the R-groups are named as substituent groups (in alphabetical order), and then end the name in amine (common rules). The nitrogen in amines is sp 3 hybridized due to predicted 109.5 Ε bond angles.
The difference between a primary, secondary, and tertiary alcohol is the number of R-groups (other carbons) that are bonded to the carbon with the OH group. Primary: 1 R-group; secondary: 2 R-groups; tertiary: 3 R-groups.
A number is required to indicate the location of a functional group only when that functional group can be present in more than one position in the longest chain. Hydrohalogens, alcohols, and ketones require a number. The aldeyde group must be on C-1 in the longest chain, and the carboxylic acid group must also be on C-1; no numbers are used for aldehyde and carboxylic acid nomenclature. In addition, no numbers are used for nomenclature of simple ethers, simple esters, and simple amines.
carboxylic acid aldehyde
The R designation may be a hydrogen, but is usually a hydrocarbon fragment. The major point in the R-group designation is that if the R-group is a hydrocarbon fragment, then the first atom in the R-group is a carbon atom. What the R-group has after the first carbon is not important to the functional group designation. 6.
Resonance: All atoms are in the same position. Only the positions of π electrons are different.
Isomerism: Atoms are in different locations in space.
Isomers are distinctly different substances. Resonance is the use of more than one Lewis structure to describe the bonding in a single compound. Resonance structures are not isomers.
Structural isomers: Same formula but different bonding, either in the kinds of bonds present or the way in which the bonds connect atoms to each other.
Geometrical isomers: Same formula and same bonds, but differ in the arrangement of atoms in space about a rigid bond or ring.
To distinguish isomers from molecules that differ by rotations about some bonds, name them. If two structures have different names, they are different isomers (different compounds). If the two structures have the same name, then they are the same compound. The two compounds may look different, but if they have the same names, they are the same compounds that only differ by some rotations about single bonds in the molecule.
Two isomers of C 4 H 8 are:
1-butene cyclobutane (2 hydrogens are bonded to each carbon)
For cis-trans isomerism (geometric isomerism), you must have at least two carbons with restricted rotation (double bond or ring) that each have two different groups bonded to it. The cis isomer will generally have the largest groups bonded to the two carbons with restricted rotation on the same side of the double bond or ring. The trans isomer generally has the largest groups bonded to the two carbons with restricted rotation on opposite sides of the double bond or ring. 
The carbon with the asterisk has 4 different groups bonded to it (1−Br; 2−Cl; 3−CH 3 ; 4−H). This compound has a nonsuperimposable mirror image.
Neither of the two carbons have four different groups bonded to it The mirror image of this molecule will be superimposable (it does not exhibit optical isomerism).
Hydrocarbons only have nonpolar C−C and C−H bonds; they are always nonpolar compounds having only London dispersion forces. The strength of the London dispersion (LD) forces is related to size (molar mass). The larger the compound, the stronger the LD forces. Because n-heptane (C 7 H 16 ) is a larger molecule than n-butane (C 4 H 10 ), n-heptane has the stronger LD forces holding the molecule together in the liquid phase and will have a higher boiling point.
Another factor affecting the strength of intermolecular forces is the shape of the molecule. The strength of LD forces also depends on the surface area contact among neighboring molecules. As branching increases, there is less surface area contact among neighboring molecules, leading to weaker LD forces and lower boiling points.
All the function groups in Table 22 .4 have a very electronegative atom bonded to the carbon chain in the compound. This creates bond dipoles in the molecule leading to a polar molecule which exhibits additional dipole-dipole forces. Most of the functional groups have carbonoxygen polar bonds leading to a polar molecule. In halohydrocarbons, the polar bond is C−X where X is a halogen. In amines, the polar bond is C−N. Note that CF 4 , even though it has 4 polar C−F bonds, is nonpolar. The bond dipoles are situated about carbon so they all cancel each other out. This type of situation is atypical in hydrocarbons. Alcohols, carboxylic acids and amines exibit a special type of dipole force. That force is the relatively strong hydrogen-bonding interaction. These compounds have an O−H or N−H bond, which is a requirement for H−bonding.
Reference the isomers of C 3 H 8 O in Review question 6. The alcohol can H−bond, the ether cannot (no O−H bonds exist in the ether). Because the alcohol has the ability to H−bond, it will have a significantly higher boiling point than the ether.
The same holds true for carboxylic acids and esters which are structural isomers. Even though the isomers have the same formula, the bonds are arranged differently. A thermoplastic polymer can be remelted; a thermoset polymer cannot be softened once it is formed.
The physical properties depend on the strengths of the intermolecular forces among adjacent polymer chains. These forces are affected by chain length and extent of branching: longer chains = stronger intermolecular forces; branched chains = weaker intermolecular forces.
Crosslinking makes a polymer more rigid by bonding adjacent polymer chains together.
The regular arrangement of the methyl groups in the isotactic chains allows adjacent polymer chains to pack together very closely. This leads to stronger intermolecular forces among chains as compared to atactic polypropylene where the packing of polymer chains is not as efficient.
Polyvinyl chloride contains some polar C−Cl bonds compared to only nonpolar C−H bonds in polyethylene. The stronger intermolecular forces would be found in polyvinyl chloride since there are dipole-dipole forces present in PVC that are not present in polyethylene.
10. These questions are meant to guide you as you read section 22.6 on Natural Polymers. The three specific natural polymers discussed are proteins, carbohydrates, and nucleic acids, all of which are essential polymers found and utilized by our bodies. Read the questions to familiarize yourself with the important terms and concepts covered in section 22.6, and then review the Natural Polymer section to help you answer these questions.
